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ABSTRACT
We report the Fermi Large Area Telescope (Fermi-LAT) detection of the γ-ray emis-
sion towards the young massive star cluster RSGC 1. Using the latest source catalog
and diffuse background models, we found that the diffuse γ-ray emission in this region
can be resolved into three different components. The GeV γ-ray emission from the
region HESS J1837-069 has a photon index of 1.83 ± 0.08. Combining with the HESS
and MAGIC data, we argue that the γ-ray emission in this region likely originate
from a pulsar wind nebula (PWN). The γ-ray emission from the northwest part (re-
gion A) can be modelled by an ellipse with the semimajor and semiminor axis of 0.5◦
and 0.25◦, respectively. The GeV emission has a hard spectrum with a photon index
of 2.05 ± 0.02 and is partially coincide with the TeV source MAGIC J1835-069. The
possible origin of the γ-ray emission in this region is the interaction of the cosmic rays
(CRs) accelerated by SNR G24.7+0.6 or/and the OB cluster G25.18+0.26 with the
surrounding gas clouds. The GeV γ-ray emission from the southeast region (region
B) can be modeled as an ellipse with the semimajor and semiminor axis of 0.9◦ and
0.5◦, respectively, and also reveals a hard γ-ray spectrum. We argue that the most
probable origin is the interaction of the accelerated protons in the young massive star
cluster RSGC 1 with ambient gas clouds, and the total cosmic-ray (CR) proton energy
is estimated to be as high as ∼ 1 × 1050 erg.
Key words: open clusters and associations: individual: RSGC1 aˆA˘S¸ gamma-rays:
ISM
1 INTRODUCTION
The origin of CRs is still a puzzle. There is a consen-
sus in the CR community that the main acceleration
sites of Galactic CRs are supernova remnants (SNRs)
(Drury 2012; Blasi 2013). However, recently there are
growing evidences that the young massive star clusters
can also play an important role in accelerating the CRs
in the Galaxy (Ackermann et al. 2011; Aharonian et al.
2019; Katsuta et al. 2017). In several such systems, e.g.,
Cygnus cocoon (Ackermann et al. 2011; Aharonian et al.
2019), Westerlund 1 (Abramowski et al. 2012), Westerlund
2 (Yang et al. 2018), NGC 3603 (Yang & Aharonian 2017)
and 30 Dor C (H.E.S.S. Collaboration et al. 2015), the ex-
tended γ-ray (from GeV to TeV) emissions with hard spectra
have been detected.
In this regard, RSGC 1 is one of the most massive
young star clusters (see, e.g., Portegies Zwart et al. 2010;
Davies et al. 2012) with an initial mass estimated to be
2 × 104 − 4 × 104M⊙ and an age of ∼ 10 Myr (Figer et al.
2006; Davies et al. 2012). It is one of the rare clusters
in the Galaxy containing more than 10 red super-giants
(RSGs) (Figer et al. 2006; Davies et al. 2012). HESS tele-
scope array found the diffuse γ-ray source HESS J1837-
069 close to RSGC 1 (Aharonian et al. 2005, 2006), but
Fujita et al. (2014) argued that the TeV emission should
be connected with the PWN. Two X-ray PWN candi-
dates, AX J1837.3-0652 and AX J1838.0-0655, adjacent
to HESS J1837-069 were discovered (Gotthelf & Halpern
2008). Lande et al. (2012) first found the Fermi-LAT γ-ray
extension in the 1.7◦ × 2.1◦ region around (l, b) = (25.0◦, 0.0◦)
(G25 region), which is spatially coincident with the TeV
source HESS J1837-069. RSGC 1 is just located within the
complex G25 region in projection on the sky (Fujita et al.
2014; Katsuta et al. 2017). Katsuta et al. (2017) re-analyzed
© 2020 The Authors
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Figure 1. Left: Fermi-LAT counts map above 10 GeV in the 3◦ × 3◦ region surrounding RSGC 1, with pixel size corresponding to
0.025◦ × 0.025◦, smoothed with a Gaussian filter of 0.23◦. All black marks represent the 4FGL sources within the region. Right: Residual
map above 10 GeV near the RSGC 1 complex after subtracting the background sources. The marks with different colors show the signals
detected by multiwavelength surveys, details on the context are given in Sect. 2.1.
this complex region using almost five years of Fermi-LAT
data and proposed that the extended GeV emissions (G25A
and G25B) are possibly associated with a massive OB asso-
ciation G25.18+0.26. Recently MAGIC Collaboration et al.
(2019) reported the TeV observations towards this region
using MAGIC telescopes. They indicated that a new TeV
source MAGIC J1835-069, which is likely associated with
the SNR G24.7+0.6 (Reich et al. 1984; Leahy 1989), and
the detected γ-ray emission can be interpreted as the result
of proton-proton interaction between the CRs accelerated by
SNR and the CO-rich surrounding. In addition, another TeV
source MAGIC J1837-073 was also identified in this region
(MAGIC Collaboration et al. 2019). It has a single power-
law photon spectrum extending to 3 TeV, and was believed
to be part of the scarcely young star clusters which have
been confirmed to be the acceleration sites for a significant
amount of the Galactic CRs (MAGIC Collaboration et al.
2019) . The SNR G24.7+0.6 mentioned above is a filled-
center SNR discovered at radio frequencies (Reich et al.
1984; Leahy 1989) with an age of ∼ 9500 yr (Leahy 1989).
Reich et al. (1984) indicated that the radio emission in this
region is caused by a central PWN powered by an undetected
pulsar. Based on infrared data Petriella et al. (2010) sug-
gested that the formation of some young stellar object may
have been triggered in the vicinity of the SNR G24.7+0.6.
To summarize, the RSGC 1 vicinity is a complex region in
γ-rays. The rich GeV/TeV emitting phenomena make it an
interesting target to study the physics related with CR ac-
celeration and the corresponding γ-ray radiation process.
In this paper, we perform a detailed analysis on the
10-year Fermi-LAT data towards this region and try to pin
down the γ-ray radiation mechanism therein. The paper is
organized as follows. In Sec.2, we present the detail of the
data analysis. In Sec.3, we study the possible gas distribu-
tions. In Sec.4, we investigate the possible radiation mecha-
nisms of the γ-ray emissions. In Sec.5, we discuss the impli-
cations of our results.
2 Fermi-LAT DATA ANALYSIS
We analyze the Fermi-LAT Pass 8 database around the
RSGC 1 region from August 4, 2008 (MET 239557417) until
August 3, 2019 (MET 586492988) with both the front and
back converted photons considered. A 7◦× 7◦ square region
centered at the position of RSGC 1 (R.A. = 279.492◦, Dec.
= -6.883◦) is chosen as the region of interest (ROI). We use
the “source” event class, recommended for individual source
analysis, and the recommended expression (DATA QUAL >
0)&&(LAT CONFIG == 1) to exclude time periods when
some spacecraft event affected the data quality. To reduce
the background contamination from the Earth’s albedo, only
the events with zenith angles less than 100◦ are included
for the analysis. We process the data through the cur-
rent Fermitools from conda distribution1 together with the
latest version of the instrument response functions (IRFs)
P8R3 SOURCE V2. We use the python module that imple-
ments a maximum likelihood optimization technique for a
standard binned analysis2
In our background model, we include the sources in the
Fermi-LAT eight-year catalog (4FGL, Abdollahi et al. 2020)
within the ROI enlarged by 5◦. We leave the normalizations
and spectral indices free for all sources within 6◦ away from
RSGC 1. For the diffuse background components, we use the
latest Galactic diffuse model gll iem v07.fits and isotropic
emission model iso P8R3 SOURCE V2 v1.txt3 with their
normalization parameters free.
2.1 Spatial analysis
We use the events above 10 GeV to study the spatial distri-
bution of the γ-ray emission near the RSGC 1 complex. The
counts map in the 3◦×3◦ region around RSGC 1 is shown in
Fig.1, left, with pixel size corresponding to 0.025◦ × 0.025◦,
1 https://github.com/fermi-lat/Fermitools-conda/
2 https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python_tutorial.html.
3 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
MNRAS 000, 1–9 (2020)
Fermi-LAT detection towards RSGC 1 3
Table 1. The sources around RSGC 1 & G25. HESS J1837-069: with an orientation angle of the semimajor axis of 121 ± 10 degrees
clockwise with respect to the positive Galactic longitude axis.
Source Extension type Center position size
(l,b) (deg)
RSGC 1 circle (25.27, -0.15) 0.03
HESS J1837-069 ellipse (25.18, -0.11) (0.12, 0.05)
MAGIC J1835-069 circle (24.94, 0.37) 0.21
MAGIC J1837-073 circle (24.85, -0.21) 0.08
SNR G24.7+0.6 circle (24.63, 0.58) 0.21
AX J1836.3-0647 (G25.18+0.26) circle (25.17, 0.25) 0.10
AX J1837.3-0652 point (25.21, -0.02) –
AX J1838.0-0655 point (25.25, -0.19) –
smoothed with a Gaussian filter of 0.23◦. The black crosses
and extended regions show the positions of the sources from
4FGL within the region. We exclude three extended sources
(SNR G24.7+0.6, 4FGL J1836.5-0651e, and 4FGL J1838.9-
0704e) and two unassociated point sources (4FGL J1838.4-
0630 and 4FGL J1834.7-0724) from our background model
after performing the binned likelihood analysis.
The corresponding background-subtracted image is
shown in the right panel of Fig. 1. On the residual map,
the black circle is the approximate extent of the massive
star cluster RSGC 1 (Figer et al. 2006). The very high en-
ergy (VHE) γ-ray source HESS J1837-069 (Aharonian et al.
2005, 2006) is displayed by the green ellipse. The ex-
tensions of MAGIC J1835-069 and MAGIC J1837-073
(MAGIC Collaboration et al. 2019) are represented by the
magenta circles. The grey circle represents the young
massive OB association/cluster G25.18+0.26 reported by
Katsuta et al. (2017). The yellow circle displays the ex-
tended region of GeV γ-ray emission from SNR G24.7+0.6
which has been listed in the 4FGL. The positions of two
X-ray PWN candidates (AX J1837.3-0652 and AX J1838.0-
0655) in Gotthelf & Halpern (2008) are marked with blue
crosses. Table 1 shows the names, positions, and sizes for
the eight sources.
To investigate the morphology and extension of the GeV
γ-ray emission, we use the spatial template which is consti-
tute of A, B, and HESS J1837-069, marked with the geomet-
rics in Fig. 2. We note that HESS J1837-069 may be larger
than the previously reported size, thus we use a uniform disk
with a radius of 0.23◦ (Aharonian et al. 2006). For the re-
gion A, we produced several uniform elliptical disks centered
at the position of the count peak value on the residual map
with various semimajor axes from 0.4◦ to 0.6◦ in steps of
0.01◦ and a fixed semiminor axis of 0.25◦. The elliptical re-
gion B is centered at RSGC 1 with various semimajor axes
from 0.8◦ to 1.0◦ in steps of 0.01◦ and a fixed semiminor
axis of 0.5◦. All the components are assumed to be a power-
law spectral shape. We first fixed the size of region B with
a semimajor and semiminor axes of 0.9◦ and 0.5◦, and free
the semimajor axis of region A. We performed the binned
likelihood analysis on the events between 1 - 500 GeV en-
ergy band and obtained the best semimajor axis of region A.
Then we fixed the size of region A with the best size derived
above and free the semimajor axis of region B. We defined
the uniform elliptical disk with various sizes as the alterna-
tive hypothesis (L), and the corresponding spatial disk with
the minimum size as the null hypothesis (L0), then compared
the overall maximum likelihood of the L with that of the L0.
Here we defined the significance of the alternative hypothe-
sis model −2(lnL0 − lnL) following the paper in Lande et al.
(2012). As shown in the left and right panels of Fig. 3, the
likelihood ratio peaks at the semimajor axis of 0.49◦ ± 0.02◦
for the region A and 0.87◦ ± 0.04◦ for the region B.
2.2 Spectral analysis
The results from spatial analysis show that the semimajor
axes of ∼ 0.49◦ for the region A and ∼ 0.87◦ for the region
B are more preferred over the other elliptical sizes. Thus we
use the best spatial template as the spatial model of the
extended GeV emission to extract the spectral information
above 1 GeV energy band.
The obtained spectral parameters for the HESS J1837-
069 are photon index of 1.83 ± 0.08, and energy flux of
(3.6 ± 0.4) × 10−11erg cm−2 s−1, corresponds to γ-ray lumi-
nosity of ∼ 1.9 × 1035(D/6.6 kpc)2 erg s−1. For the region
A, the derived photon index is 2.05 ± 0.02 and the en-
ergy flux is (1.6 ± 0.1) × 10−10erg cm−2 s−1, roughly equal
to ∼ 2.4 × 1035(D/3.5 kpc)2 erg s−1. The photon index of
region B, 2.00 ± 0.02, is harder than that in MAGIC J1837-
073, ∼ 2.3 above 300 MeV, (MAGIC Collaboration et al.
2019), and the energy flux is estimated to be (2.4 ± 0.1) ×
10−10erg cm−2 s−1 corresponding to γ-ray luminosity of ∼
1.26 × 1036(D/6.6 kpc)2 erg s−1.
To study the origin of the GeV emission and the un-
derlying particle spectrum that give rise to the observed
spectrum of photons, we derive the spectral energy distri-
butions (SEDs) via the maximum likelihood estimation in
logarithmically spaced bins for the γ-ray emission above
300 MeV. Fig. 4 - Fig. 6 show the resulting SEDs of
the extraction region A, B, and HESS J1837-069. Fig. 4
shows the SED of the region A (red) measured by Fermi-
LAT combined with the SED of the MAGIC source (black)
(MAGIC Collaboration et al. 2019). The smoothly connec-
tion with the SED of MAGIC J1835-069 above 200 GeV
implies a possible common origin, which is in good agree-
ment with that of MAGIC Collaboration et al. (2019). Fig. 5
shows that the SED of the region B has a very hard spectrum
above ∼ 300 MeV. Fig. 6 shows the SED of HESS J1837-069
obtained with Fermi-LAT (red) combined with the SEDs
of the same region measured by HESS (black) and MAGIC
(green) (Aharonian et al. 2006; MAGIC Collaboration et al.
MNRAS 000, 1–9 (2020)
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Figure 2. Same residual map as Figure 1, right panel. The marks
represent the assumed components for spatial analysis with the
maximum likelihood value. The spatial template is constitute of
A, B, and HESS J1837-069. For details, see Sect. 2.1.
2019). If the significance of the energy bin is less than 2σ,
we only free the normalization parameter obtained from the
broadband fitting and calculate the upper limit within 3σ
confidence level.
To test the possible variabilities of the three regions,
we produce the light curves by binning the whole data set
used in the analysis into 10 equidistant time bins, and de-
rive the γ-ray spectrum above 1 GeV in each of these bins.
The results are shown in Fig.7. For the time bins, which
are detected with a significance of less than 2σ, we calcu-
late the upper limits within 1σ confidence level. By fitting
the light curves with a horizontal line, the derived reduced
chi-squared χ2/dof = 0.96, 2.08 and 1.71, which are basically
consistent with the static emission.
3 GAS CONTENT AROUND RSGC 1
We study three different gas phases, i.e., the neutral atomic
hydrogen (H i), the molecular hydrogen (H2), and the ionized
hydrogen (H ii), in the vicinity of the RSGC 1 region.
We derive the H i column density NH i from
the data-cube of Galactic H i 4pi survey (HI4PI)
(HI4PI Collaboration et al. 2016) using the expression,
NH i = −1.83 × 10
18
Ts
∫
dv ln
(
1 −
TB
Ts − Tbg
)
, (1)
where Tbg ≈ 2.66 K is the brightness temperature of the
cosmic microwave background (CMB) radiation at 21-cm,
and TB is the measured brightness temperature in 21-cm
surveys. In the case of TB > Ts − 5 K, we truncate TB to
Ts − 5 K, and a uniform spin temperature Ts is chosen to be
150 K.
To trace the H2, we use the Carbon Monoxide (CO)
composite survey (Dame et al. 2001) and the standard as-
sumption of a linear relationship between the velocity-
integrated brightness temperature of CO 2.6-mm line, WCO,
and the column density of molecular hydrogen, N(H2), i.e.,
N(H2) = XCO × WCO (Lebrun et al. 1983). The conversion
factor XCO = 2.0 × 10
20 cm−2 K−1 km−1 s has been adopted
(Bolatto et al. 2013; Dame et al. 2001).
The distance to the SNR G24.7+0.6 is 3.5 kpc, and
the radial velocity of the gas in its surroundings is in the
range of νLSR ∼ 38 − 50 km s
−1 (Petriella et al. 2008, 2010).
Thus we investigate the gas distributions around the region
A based on the above values, and the derived column density
maps of H i and H2 are shown in the left and right panels
of Fig. 8, respectively. To study the gas distributions within
the region B, we adopt the measured radial velocities of the
stars in the cluster RSGC 1, in the range of 115 km s−1 to
125 km s−1, and a kinematic distance of 6.60±0.89 kpc given
in Davies et al. (2008). The obtained gas distributions of H i
and H2 are shown in the left and right panels of Fig. 9,
respectively.
We select the free-free emission map derived from the
joint analysis of Planck, WMAP, and 408 MHz observations
(Planck Collaboration et al. 2016) to derive the map of H ii
column density. First we convert the emission measure into
free-free intensity (Iν) by using the conversion factor at 353-
GHz in Table 1 of Finkbeiner (2003). Then we utilize the
Equation (5) in Sodroski et al. (1997),
NH ii =1.2 × 10
15 cm−2
(
Te
1 K
)0.35 ( ν
1 GHz
)0.1 ( ne
1 cm−3
)−1
×
Iν
1 Jy sr−1
,
(2)
to convert the free-free intensity into column density in
each pixel, with a frequency at ν = 353 GHz, and an elec-
tron temperature of Te = 8000 K. This equation also shows
that the H ii column density is inverse proportional to the
effective density of electrons ne, thus we choose 2 cm
−3
(Sodroski et al. 1997) to calculate the upper limit of the H ii
column density, which is shown in the Fig. 10.
We calculate the total mass within the cloud in each
pixel from the expression
MH = mHNHAangulard
2 (3)
where mH is the mass of the hydrogen atom, NH = NH ii +
2NH2 +NH i is the total column density of the hydrogen atom
in each pixel. Aangular refers to the angular area, and d is the
distance of the target cloud (region A or B). We calculate the
mass and number of the hydrogen atom in each pixel, and
then estimate the mass and number summations within the
region A and B (see Fig. 2). The total mass is estimated to
be ∼ 2.66× 105 M⊙ for the region A and ∼ 2.53× 10
6
M⊙ for
the region B. Assuming ellipsoidal geometries of the GeV
γ-ray emission within both the region A and B, with the
corresponding sizes of (0.49◦, 0.25◦) and (0.87◦, 0.50◦), the
volumes of the two ellipsoids are estimated as V = 4pi
3
r1r
2
2
.
Here r1,2 = d × θ1,2(rad) are the semimajor and semiminor
axes of the assumed ellipses, d is the distance to the objec-
tive region. Then the average gas number densities over the
ellipsoidal volumes of region A and B are calculated to be
∼ 371 cm−3 and ∼ 73 cm−3, respectively. Table 2 shows the
gas total masses and number densities within the region A
and region B.
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Figure 3. Significance of the uniform ellipse template A (left) and B (right) with various sizes (L) relative to the corresponding spatial
template with the minimum size (L0). The likelihood ratios are peaked at a semimajor axis of ∼ 0.49
◦ and ∼ 0.87◦, respectively. See
Sect. 2.1 for details.
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Figure 4. SEDs of GeV emission in the region A for a uniform
elliptical spatial model with a semimajor and semiminor axes of
0.49◦ and 0.25◦. The data in the MAGIC J1835-069 region (black)
are taken from MAGIC Collaboration et al. (2019). The dashed
line represents the predicted γ-ray emissions assuming the CR
density in this region are the same as those measured locally
by AMS-02 (Aguilar et al. 2015). See the context in Sect. 3 for
details.
Table 2.Gas total masses and number densities within the region
A and region B. See Sect. 3 for details.
Region Mass (105M⊙) Number density (cm
−3)
A 2.66 371
B 25.3 73
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F ν
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rg
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m
2 /s
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B - Fermi-LAT
Figure 5. SED of γ-ray emission around RSGC 1 (B region) for a
uniform elliptical spatial model with a semimajor and semiminor
axes of 0.87◦ and 0.5◦. The dashed line represents the predicted
γ-ray emissions assuming the CR density in this region are the
same as those measured locally by AMS-02 (Aguilar et al. 2015).
4 THE ORIGIN OF THE γ-ray EMISSION
In the following, we utilize Naima4. (Zabalza 2015) to fit
the SEDs. Naima is a numerical package that includes
a set of nonthermal radiative models and a spectral fit-
ting procedure, which allow us to implement different func-
tions and perform Markov chain Monte Carlo (MCMC;
Foreman-Mackey et al. 2013) fitting of nonthermal radiative
processes to the data.
4 http://naima.readthedocs.org/en/latest/index.html
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Figure 6. SED of the HESS J1837-069 region measured by
the Fermi-LAT (red points with statistical errors of 1σ). For
the energy bins with TS < 4, the upper limits are calculated
within a 3σ confidence level. The black and green data of
HESS J1837-069 are taken from Aharonian et al. (2006) and
MAGIC Collaboration et al. (2019), respectively.
4.1 HESS J1837-069
Fujita et al. (2014) proposed that the TeV emission of HESS
J1837-069 is most likely from the PWN hidden in this re-
gion. Gotthelf & Halpern (2008) found two powerful PWNs
in this region, AX J1837.3-0652 and AX J1838.0-0655, both
of which were powered by the pulsar with the spin-down lu-
minosity of more than 4 × 1036 erg/s. The Fermi-LAT data
extend the spectrum to lower energy. To phenomenologically
interpret the SED of HESS J1837-069, we adopt a leptonic
model where the γ-rays are from the Inverse Compton (IC)
scattering. During the fitting we exclude the first three data
points, which maybe originate from another radiation mech-
anism. We assume that the electrons have a cutoff power-law
function,
N(E) = A E−α exp
(
−
E
Ecutoff
)
, (4)
treating A, α, and Ecutoff as free parameters for the fitting.
The target photon fields for relativistic electrons to scatter
around the position of HESS J1837-069 include the CMB,
infrared, and starlight photons adopted from the local in-
terstellar radiation field calculated in Popescu et al. (2017).
The leptonic model can explain the observed γ-rays shown
in Fig. 6 with a maximum log-likelihood value (MLL) of -
9.4. The obtained total energy of the electrons (>10 GeV) is
We = (4.5±0.9)×10
48 erg, with the index α = 2.21±0.09, and
Ecutoff = 10±2 TeV. From the fitted results we found a cutoff
power-law type spectrum of electrons under the assumption
that the GeV–TeV γ-ray emission is due to the IC scattering,
which is compatible with the one-zone PWN emission model.
Taking into account the age of PSR J1838-0655 of about
23 kyr and the cutoff energy of about 10 TeV, the magnetic
field should be close to 15 µG. It is also possible the PWNAX
J1837.3-0652 also contribute significantly to the γ-ray emis-
sion. In this case due to the fact that the pulsar powering AX
J1837.3-0652 can be significantly older (Gotthelf & Halpern
2008) we expect a significant lower magnetic field in this
region.
4.2 Region A
In our analysis, the position of region A reveals a bet-
ter spatial correlation with MAGIC J1835-069 than FGES
J1834.1-0706 as in MAGIC Collaboration et al. (2019). The
slight difference may come from the updated Fermi diffuse
background. The SEDs are compatible with the results in
MAGIC Collaboration et al. (2019). Thus both spatial and
spectral results are in consistency with the model proposed
in MAGIC Collaboration et al. (2019) to explain the γ-ray
emission from MAGIC J1835-069, that is, the CRs escaped
from SNR G24.7+0.6 interacting with the surrounding gas.
To estimate the distributions of the relativistic parti-
cles that are responsible for the GeV γ-ray emission in the
region A, we consider a hadronic model, in which the high
energy γ-rays produced in the pion-decay process following
the proton-proton inelastic interactions. We simply assume
that the spectral distribution of the radiating protons has
the same form as the equation 4. The average number den-
sities of the target protons for the region A and B are as-
sumed to be 371 cm−3 and 73 cm−3 derived from the gas
distributions in Sect. 3.
In Fig. 4 we present the best-fit results for region A.
The derived total energy of the protons (>2 GeV) is Wp =
(2.7 ± 0.1) × 1048 erg, with the index α = 2.20 ± 0.02, and
Ecutoff = 7.4±1.7 TeV. The dashed line in Fig. 4 represents the
predicted γ-ray emissions derived assuming the CR density
in region A is the same as the local measurement by AMS-
02 (Aguilar et al. 2015). The results reveal a significant CR
enhancement in this region, which is predicted near the CR
acceleration site.
We cannot formally rule out the possibility that γ-rays
in region A are from one unknown PWN. But as estimated in
MAGIC Collaboration et al. (2019), a unrealistic high spin-
down luminosity is required to explain the γ-ray emission,
which makes such scenario quite unlikely.
4.3 Region B
Katsuta et al. (2017) also investigated the diffuse γ-ray
emission in this region and argued that it can be a clone
of Cygnus cocoon, i.e., the CR cocoon/bubble formed by
the young OB star clusters. They further found a OB asso-
ciation candidate G25.18+0.26 with the X-ray observations.
In our updated analysis we further separated region A from
region B due to the spatial coincidence of Region A with the
TeV source MAGIC J1835-069. The resulted diffuse emission
labeled as region B has a significantly different morphology
from that in Katsuta et al. (2017). In our case the young
cluster RSGC 1 centered in region B. Although we cannot
rule out the possibility that G25.18+0.26 is the source of the
CRs which produced the γ-ray emissions, we postulate here
that RSGC 1 may be a more natural source to accelerate the
CRs. Indeed, RSGC 1 is one of the most massive young star
clusters in our Galaxy. It has an age of about 10 Myrs, which
is older than the other known young star clusters which have
already been detected in γ-rays. But it still contains more
than 200 main-sequence massive stars (with a mass of more
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Figure 7. Light curves of the γ-ray emission from region A, B, and HESS J1837-069 from August 4, 2008 (MJD 54683) until August
03, 2019 (MJD 58698). The horizontal lines are the best fitting lines correspondingly.
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Figure 8. Left shows the map of H i column density derived from 21-cm all-sky survey. Right shows the H2 column density derived from
the CO data. Integrated the gases within the velocity range of 38 − 50 km s−1. The red ellipse represents the region A and the yellow
circle marks the GeV γ-ray emission of the SNR G24.7+0.6 listed in 4FGL. See the context in Sect. 3 for details.
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Figure 9. Same as Fig. 8, but integrated the velocity interval from 115 − 125 km s−1. The white circle is the approximate extent of the
massive star cluster RSGC 1 and the white ellipse represents the GeV emission from the region B.
MNRAS 000, 1–9 (2020)
8 Sun et.al
26.8 26.0 25.3 24.5 23.8
GLON-CAR
-1.7
-0.9
-0.2
0.6
1.3
GL
AT
-C
AR
A
B
ne=2 cm−3
0.2
0.4
0.6
0.8
1.01e22
Figure 10. H ii column density derived from the Planck free-free
map assuming the effective density of electrons ne = 2 cm
−3. The
red and white ellipses represent the region A and B. For details,
see the context in Sect. 3.
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Figure 11. The LHAASO detectability of region B. The red
curves are LHAASO sensitivity of the extended source with the
same size of region B for 1 year (dashed) and 5 years (solid)
observations. Also plotted is the fitted SEDs with different cutoff
energy of parent protons.
than 8 M⊙ ) (Froebrich & Scholz 2013). The stellar wind of
these massive stars may provide enough power to acceler-
ate the CRs. Since the γ-rays reveal no clear curvature we
assume a single power-law spectrum for parent protons in
deriving the CR content, i.e.,
N(E) = A E−α, (5)
the derived parameters are α = 2.15 ± 0.03, and the total
energy is Wp = (9.6 ± 0.6) × 10
49 erg for the protons above 2
GeV.
5 DISCUSSION AND CONCLUSION
In this paper, we performed detailed analysis of Fermi LAT
data on the vicinity of the young massive cluster RSGC
1. We found that the γ-ray emission in this region can be
resolved into three components. First we found GeV γ-ray
emission coincide with the VHE γ-ray source HESS J1837-
069. It has a photon index of 1.83±0.08 at GeV band. Com-
bining this with the HESS and MAGIC data, we argue that
the γ-ray emission in this region likely originates from a
PWN powered by the bright pulsar PSR J1838-0655.
The γ-ray emission from the northwest part (region
A) can be modelled by an ellipse with the semimajor and
semiminor axis of 0.5◦ and 0.25◦, respectively. The GeV
emission has a hard spectrum with a photon index of about 2
and is partially coincide with the TeV source MAGIC J1835-
069. The possible origin of the γ-ray emission in this region
is the interaction of the CRs accelerated by SNR G24.7+0.6
with the surrounding gas clouds.
The GeV γ-ray emission from the southeast region (re-
gion B) can be modeled as an ellipse with the semimajor and
semiminor axis of 0.9◦ and 0.5◦, respectively, and also reveal
a hard γ-ray spectrum, without any hint of cutoff. The sim-
ilar spatial and spectral property of this source make it a
candidate of the clone of Cygnus Cocoon (Ackermann et al.
2011; Aharonian et al. 2019). Thus we argue that the most
probable origin is the interaction of the accelerated protons
in the young massive star cluster RSGC 1 with ambient gas
clouds, and the total CR proton energy is estimated to be
as high as ∼ 1 × 1050 erg.
In the energy range of Fermi LAT, there is no evidence
of spectral cutoff, which set a lower limit of the spectral
cutoff of the parent protons to be ∼ 10 TeV. An interesting
question is whether this source can be a proton PeVatron.
Indeed, Bykov (2014) and Bykov et al. (2015) have already
suggested that the supernova shock colliding with a fast
wind from massive stars provide the most efficient accelera-
tion site and the accelerated proton energies can be as high
as dozens of PeV. The further investigation of such a scenario
require the γ-ray observations at higher energies. Up to now,
there is no TeV counterpart of this source, but it should be
noted that this may be caused by the limited field of view
of current imaging air Cherenkov telescope arrays (ICATs)
and the large size of this source, which make it difficult to
find the off-regions in the standard data analysis of ICATs.
In this regard, LHAASO (Bai et al. 2019) may be the ideal
instrument to investigate the TeV region of these objects.
We plot the SED of region B and the LHAASO sensitivity
(Bai et al. 2019) in Fig. 11. It is evident that LHAASO has
the ability to detect this source and set decisive constraint
on the cutoff energy in the near future, which would be cru-
cial for understanding the acceleration mechanism in such
system.
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